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R3 0 R O 

II I I I II I I 11 
Rg-C-NH-CH— A— CH^N-CH- C- M CH- C- R^ 



wherein A is 



O 

II 



OH 



— C— or —CH— 

intervene in the conversion of angiotensinogen to angiotensin II by inhibiting renin and thus are useful as anti- 
hypertensive agents. 
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SPECIFICATION 

Amino acid ester and amide renin inhibitors 

Background of the Invention 

Szelkeetal.in European Patent Application 104,041 disclose renin inhibitory polypeptides including 
5 the partial sequence 5 

X— A— B-Z— W 

wherein A is 



r3 O 



-NH-CH-G-N— CH — C- 
O OH 

8 I 



and G is -C-CH- 



or -CH-CH- 



X is hydrogen, protecting group or an amino acyl residue, B is a lipophilic amino acyl residue, and Z plus W 
1 0 are an amino alcohol residue or Z is aminoacyl and W is hydroxy, ester, amide, etc. 

Natarajan et al. in United States Patent 4,470,973 disclose aminoketone carboxylic acids of the formula 



O O R R- O 

II II I I II 

2 I 2 

«3 




Rj— C— NH-CH- CH — CHj— N-CH— C-X 



which possess angiotensin converting enzyme or enkephalinase inhibition activity. 
Summary of the Invention 

This invention is directed to new amino acid ester and amide compounds of formula I including 20 
pharmaceutically acceptable salts thereof 



I I II I I II 



Rg-C-NH— CH- A-CH^-N CH— C — N— CH-C-R^ 



A is 

OH O 

11 

— Ch— or — C— , 
is — O-lo wer alky I, — O— (CH^ )„-arvl, —OH, — O— (CHaL-hetero, or 

H 

I 

Rs is hydrogen, lower alkyi,— {CH2)n,-aryl, or— (CHzlm-hetero. 

m is zero, one, two, three or four. 

Re is lower alkyi,— (CH2)n,-arvl,— {CHj^-hetero, or 

Re— NH-CH— . 



Rfiis 



R7 



O 
IT 

hydrogen, (H^C ) -C-O-C- 



^^CHj-O-C- , lower alkyl-C- , 

O O 
ii (I 
cycloalIcyl-(CH2)gj-C- , aryl-(CH2)„^-C 

p 0 
hetiero-CCaj) -C- , aryl-0-CH2-C- 



Rinis 



R ° 
I 9 h 



R^Q-NH-CH — C- 



0 
n 

hydrogen, (H2C)2-C-0-C- 



O 0 
^^CH2-0-C- , lower alkyl-C-, 



0 

cycloalkyl-(CH2)^-C- , aryl-(CH ) 



O 

hetero-(CH2)^.C. , or aryl-o-CH^- 



3 
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R, Rs. Ra, R7 and R9 are independently selected from the group consisting of hydrogen, lower alkyl, halo 
substituted lower alkyl, — (CHj)„-aryl, -{CH2)„-hetero, -(CHjl^— OH. — (CHa)„— NH^, — <CH SH, 
— {CHj)^— S-lower alkyl. ^CH2l^-S-HCH2)r-NH2, 

-(CH2)„-NH^ 

O 

n 



and — (CHalo-cydoalkyl. 
5 n is an integer from 1 to 4. 
Riiis 



or 



10 Ri is hydrogen, loweralkyI,—(CH2)„-aryl,—{CH2)„-cycloalkyl, 



•SO2 



II 

and -c-o-lower alkyl. 

R12 is hydrogen, lower alkyl, — {CHaln-aryl, or — (CHaln-cycioalkyl. 

1 5 Detailed Description of the Invention 

This invention in its broadest aspects relates to the amino acid ester and amide compounds of formula I 
above, to compositions and the method of using such compounds as antihypertensive agents. 

The term lower alkyl used in defining various symbols refers to straight or branched chain radicals 
having up to seven carbons, preferably from one to four carbons. Similariy, the terms lower alkoxy and 
20 lower alkylthio refer to such lower alkyl groups attached to an oxygen or sulfur. 20 
The term cycloalkyl refers to saturated rings of 4 to 7 carbon atoms with cyclopentyl and cyclohexyl 
being most preferred. 



15 



4 
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The term h^ogen refers to chloro, bromo and fluoro. 

The tenalaltosubstduted lower aikyl refers to such lower alkyl groups described above in which one or 
more hydrogans have been replaced by chloro, bromo or fluoro groups such as trifluoromethyl, which is 
preferred^ pemB£hioroed!yt2,2.2-trichloroethyl, chloromethyl, bromomethyL etc. 
5 Ihe temi«vJ-referstOi>henyI, 1-naphthyl, 2-naphthyl, mono substituted phenyl, 1 -naphthyl, or 2- 5 
naphthyl wtaetn said sttetituent Is lower alkyi of 1 to 4 carbons, lower alkylthto of 1 to 4 carbons, lower 
alkoxy of 1 to 4 carbons, Iwilogen, hydroxy, amino,— IMH-alkyI wherein alkyI is of 1 to 4 carbons, or 
— N<aIkyJ)ai«*iereinalkylisof 1 to 4 carbons, dl ortri substituted phenyl, 1-naphthyl or 2-naphthyl wherein 
said substkrafiits are methyl, methoxy, methylthio, halogen, or hydroxy. 

1 0 The temitetero refers to fully saturated or unsaturated rings of 5 or 6 atoms containing one or two O 10 
and S aton»«8toronetofbur N atoms provided that the total number of hetero atoms in the ring is 4 or 
less. The hetero ring Is attached by way of an available carbon atom. Preferred hetero groups include 2- and 
3-thienyl, 2- and 3-furyi, 2-, 3- and 4-pyridyl, and imidazolyl. The term hetero also includes bicyclic rings 
wherein theJhffiorsax mCTibered ring containing 0, S and N atoms as defined above is fused to a benzene 

1 5 ring. The preferred bicydtc ring is indolyl. 1 5 

Compounds of formula I wherein A is 



can be prepared as follows. A halomethyl ketone of the formula 



O 

R40-NH-CH— C — CH^-halo 



(ID 



20 wherein R^oisaprotecGrvg^roup such as 20 

0 

(H3C}3— C— 0— C 



especiaifynvherein halots Cf, is reacted with an amine of the formula 



I I II I I 



H-N— CH— C-N CH— C — R 



(III) 



This reaction is performed in the presence of sodium bicarbonate and dimethylformamide and gives 
the compound of the fomiula 



25 



^2 ^ 0 

I II I' 1' B 

R40-NH-CH- N CH— C~ 



^X2 ^ 



I I 



25 



CH-C -R^ 



(IV) 



The intermediate of formula IV is then treated to remove the R^g protecting group such as by treatment 
with hydrochloric acid in the presence of ethyl acetate and the resulting amine hydrochloride salt is reacted 
with the carboxylic acid of the formula 



Rfi— COOH (V) 
in the presence of dtcyclohexylcarbodiimfde and hydroxybenzotrtazole to give the desired final product. 



5 
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The compoundsoflonmilal^vberem A is 

OH 



can be prepared as «aa«.inw«aerfnediates of formula IV is treated with a conventional reducing agent 
such as sodiumbxinih3rdnde,«odi4mi cyanoborohydride, diisobutyl aluminum hydride, lithium tri t-butoxv 
5 aluminum hydridi|^«ic;^iDg}ve ~ 



3 ^ f I II I I II 



i^^JUB-^i-CH-^CHj-M — CH-^C^ N~ CH-C^R^ . (VI) 

The intermetfiflte of forroula VI is then treated to remove the R40 protecting group and the resulting 
amine IS reactea tfiecaitocyfu: acid of formula V as described above to give the desired final products 
ThecompcnindsoffermulaJwhereinAis 

10 OH 



10 



can also tB^^sa^ii^itaaah^ an oxazolidine, trimethylsilylethyl ester of the formula 



P«t^^ ^C-CH^-LcH. L 0 -CCHj) (CH3) 3 ^^^^ 

^ 1 

3 



so as to rrthoduoelheile^red 



^12 ^ 0 



4 



Rj2 R O 

I I |l 

20 f2 °° ^ 0 R12 «^ 0 

, I ' I I |l I I « 20 
HCl . HjK-CH- CH - CH,- N — CH- C- N CH-C-R "X» 



6 
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The intermediate of formula IX is then treated with the carboxylic acid of formula V in the presence of 
dicyclohexylcarbodiimide and hydroxy benzotriazole as described above to give the desired final products. 

In the above reactions, if R, is hydrogen then that N-atom would be protected for example by reacting 
the intermediate of formula IV with benzyloxycarbonyl chloride in the presence of pyridine and benzene. 
5 The benzyloxycarbonyl group could then be removed as the last step of the synthesis by hydrogenation in 5 
the presence of palladium on carbon catalyst 

Similarly, if any of R, R,, Rg, R3, Ry and R9 in the above reactions are — (CH2)„-arYl wherein aryl is phenyl, 
1 -naphthyl, 2-naphthyl substituted with one or more hydroxy or amino groups, — (CHgln-hetero wherein 
hetero is an imidazolyl, — (CHgJn— NHg, — (CHaln— SH, — (CH2)„— OH, or 

NH 

in ^ 

— (CH2)„— NH— C ^0 

\ 

NH2 

then the hydroxyl, amino, imidazolyt, mercaptan, or guanidinyl function should be protected during the 
reaction. Suitable protecting groups include benzyloxycarbonyl, t-butoxycarbonyl, benzyl, benzhydryl, 
trityl, etc., and nitro in the case of guanidinyl. The protecting group is removed by hydrogenation, treatment 
with acid, or by other known means following completion of the reaction. 
^ ^ The starting materials of formula II can be prepared by reacting an N-protected amino acid of the 1 5 

formula 

I 

R4tf-NH-CH-C00H (X) 

with isobutylchloroformate, followed by diazomethane, and finally hydrochloric acid. 

The oxazolidine, trimethylsilyl ethyl ester of formula Vll can be prepared by reacting the halomethyl 
20 ketone of formula 11 with the amino acid, trimethylsilyl ester of formula 20 



HN — CH C-0(CH2)2Si(CH3)3 



(XI) 



in the presence of sodium iodide, sodium bicarbonate and dimethylformamide to give the compound of the 
formula 



I II M fl 

R,^.NH-CH- C-CH^-N-CH- 0-0(02 IjSKCHj) 3 • 
40 * 



(XII) 



25 The ketone of formula XII is reduced to the corresponding alcohol by treatment with sodium 25 
borohydride or other reducing agents as described above. This alcohol is then treated with 2- 
methoxypropene in the presence of a catalytic amount of pyridinium-p-toluenesulfonic acid to give the 
desired oxazolidine, trimethylsilyl ethyl ester. 

The various peptide intermediates employed in above procedures are known in the literature or can be 

30 readily prepared by known methods. See for example, The Peptides, Volume 1, "Major Methods Of Peptide 30 
Sond Formation", Academic Press (1979). 



7 
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Preferred compounds of this invention are those of formula I wherein: 



OH 
I 

A is -CH- 



\ is hydrogen, •SO. 
or 



10 



15 



3 

especially hydrogen. 

Ra is straight or branched chain lower alkyi of 1 to 4 carbons, benzyl, phenethyl, or 

especially — CHa— CHICHgjj. 

R3 is hydrogen, straight or branched chain lower alkyI of 1 to 4 carbons, benzyl or phenethyl, especially 1 0 
— CH^ — CHCCHslj or — CHICHala. 

R12 Is hydrogen. 

R is straight or branched chain lower alkyI of 1 to 4 carbons, benzyl or phenethyl. especially —CH(CH,), 
or benzyl. ^ 

R4 is— 0-lower alkyl wherein lower alkyI is straight or branched chain of 1 to 4 carbons, especially 1 5 
"~0— CH3. 

R7 

I 

Rg is Rff—NH— CH— . 



R7is 



20 or 



CH*— I N— CH*— 0-CH 



20 



Rg is hydrogen, 



0 R9 0 

II I II- 

{HaOaC— 0-C— , or r^,,_nH— CH— C. 

R9 Is — (CHzln-aryl wherein aryl is phenyl or l-naphthyl and n is one or two, especially 



25 



'Ca^D^ . 25 



Rio is 



(H3C)3C-0-C- or ^^CH2'^^" 

O 
II 

especially (H2C)^C-0-C- 



8 
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The compounds of formula I form salts with a variety of inorganic and organic acids. The non-toxic 
pharmaceutical ly acceptable salts are preferred, although other salts are also useful in isolating or purifying 
the product Such pharmaceuticaily acceptable salts include those formed with hydrochloric add, 
methanesulfonic acid, sulfuric acid, acetic acid, maleic acid, etc. The salts are obtained by reacting the 
5 product with an equivalent amount of the acid in a medium in which the salt precipitates. 5 
The compounds of fornriula I contain asymmetric centers when any or all of R, Rg, R3, R7, and Rg are 
other than hydrogen. An additional asymmetric center is present when A is 



OH 

I 

— CH— . 



Thus, the compounds of formula 1 can exist in diasteroisomeric forms or in mixtures thereof. The above 

1 0 described processes can utilize racemates, enantiomers or diastereomers as starting materials. When 1 0 

diastereomeric products are prepared, they can be separated by conventional chromatographic or 
fractional crystallization methods. 

The compounds of formula I, and the pharmaceuticaily acceptable salts thereof, are anti-hypertensive 
agents. They inhibit the conversion of angiotensinogen to angiotensin I and therefore, are useful in 

1 5 reducing or relieving angiotensin related hypertension. The action of the enzyme renin on angiotensinogen, 1 5 
a pseudogiobulin in blood plasma, produces angiotensin I. Angiotensin I is converted by angiotensin 
converting enzyme (ACE) to angiotensin II. The latter is an active precursor substance which has been 
implicated as the causative agent in several forms of hypertension in various mammalian species, e.g., 
humans. The compounds of this invention intervene in the angiotensinogen (renin) angiotensin I 

20 (ACE) ~* angiotensin II sequence by inhibiting renin and reducing or eliminating the formation of the 20 
pressor substance angiotensin II. Thus by the administration of a composition containing one (or a 
combination) of the compounds of this invention, angiotensin dependent hypertension in a species of 
mammal (e.g., humans) suffering therefore is alleviated. A single dose, or preferably two to four divided 
daily doses, provided on a basis of about 1 00 to 1 000 mg., preferably about 250 to 500 mg. per kg. of body 

25 weight per day is appropriate to reduce blood pressure. The substance is preferably administered orally, 25 
but parenteral routes such as the subcutaneous, intramuscular, intraveneous or intraperitoneal routes can 
als,o be employed. 

The compounds of this invention can also be formulated in combination with a diuretic for the 
treatment of hypertension. 

30 A combination product comprising a compound of this invention and a diuretic can be administered in 30 
an effective amount which comprises a total daily dosage of about 1 000 to 6000 mg., preferably about 3000 
to 4000 mg. of a compound of this invention, and about 15 to 300 mg., preferably about 15 to 200 mg. of the 
diuretic, to a mammalian species in need thereof. Exemplary of the diuretics contemplated for use in 
combination with a compound of this Invention are the thiazide diuretics, e.g., chlorothiazide, 

35 hydrochlorothiazide, flu methtazide, hydroflumethiazide, bendroflumethiazide, methyclothtazide, 35 
trichloromethiazide, polythiazide or benzthiazide as well as ethacrynic acid, ticrynafen, chlorthalidone, 
furosemide, musolimine, bumetanide, triamterene, amiloride and spironolactone and salts of such 
compounds. 

The compounds of formula I can be formulated for use in the reduction of blood pressure in 
40 compositions such as tablets, capsules or elixirs for oral administration or in sterile solutions or 40 
suspensions for parenteral administration. About 100 to 500 mg. of a compound of formula I is 
compounded with physiologically acceptable vehicle, carrier, exclpient, binder, preservative, stabilizer, 
flavor, etc., in a unit dosage form as called for by accepted pharmaceutical practice. The amount of active 
substance in these compositions or preparations is such that a suitable dosage in the range indicated is 
45 obtained. 45 
The following examples are illustrative of the invention. Temperatures are given in degrees centigrade. 



EXAMPLE 1 

(2R,3S)-N-[N-[3-(L-HistidyIamino)-2-hydroxy-5-methylhexyl]-L-leucylI-L-vaiine, methyl ester, hydrochloride 
(1:3.1) 

50 a) [{Pheny!methoxy}carbonyl]-L-ieucme, 2-(trimethyisi(yf}etbyl ester 50 
A mixture of [(phenylmethoxy)carbonyl]-L-leucine (20.1 g., 75.7 mmole), dtmethylaminopyridine (0.925 
g., 7.57 mmole), and 2-{tri methyl silyDethanol (8.95 g., 75.7 mmole) in methylene chloride (200 ml.) is cooled 
in an ice-bath under nitrogen and treated with a solution of dicyclohexylcarbodiimide (15.6 g., 75.7 mmole) 
in 50 mf. of methylene chloride. The ice-bath is removed after 20 minutes and the reaction is allowed to 

55 come to room temperature overnight. The reaction mixture is filtered, concentrated in vacuo and 55 
partitioned between 800 ml. of ether and 200 ml. of water. The organic layer is separated and further rinsed 
with saturated sodium bicarbonate, water, 10% potassium bisulfate, water, and brine, dried (MgSOJ, and 
concentrated in vacuo to give 26.1 g. of crude product. Flash filtration over silica gel (180 g. in 20:1 
hexane: ethyl acetate) yields 22.9 g. of crude product which is chromatographed using the Waters Prep 500 

60 LC, two columns eluted with 15:1 hexane:ethyl acetate (250 mUminute, 200 ml. fractions). Combining the 60 
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pure product frffl^sns^^^eids 3a6 g. of KphenylmethoxylcarbonylJ.L-lGucine, 2-{trimethylsilyl)ethyl ester as 
an oil; (aJo = -7^,|c« l^chteDform). TLC (silica gel; 10:1 hexanerethyl acetate) R, = 0.12. 

b) L'Leudne, 2-(tmaethylsify()eihyl ester 

1 g. of 10% pAdium on carbon catalyst is added to a solution of [(phenylmethoxylcarbonyll-L-leucine, 
2-(trimethylsilW)flftyl ester (9.1 g., 24.9 mmole) in ethyl acetate (200 ml.) cooled in an Ice-bath under 
5 nitrogen.The re^Sion mixtureJs subjected to a steady stream of hydrogen gas for 2.5 hours at room 5 
temperature, thaj^fteiBd and concentrated in vacuo to remove volatiles and yield 5.8 g, of L-Ieucine, 2- 
(trimethylsiIyl)ethy1astBra8* liquid product. TLC (silica gel, 3:1 hexane:ethyl acetate) Rf = 0.08. 

c) [(S}-1'ChlorO'5't^hYf-2'im'3'h€xyl]carbamicacfd, 1,1 -dimethylethyi ester 

N-Methyl-N'-iiteo-W-oteosoguanidine (24.2 g., 165 mmole) is added portlonwise over a period of 30 

1 0 minutes to a mixftire of^ier{275 ml.) and 40% aqueous potassium hydroxide (75 ml.) In a 1 1. Erlenmeyer 1 0 
flask cooled In a townraterbafe-Throughout the reaction the flask is magnetically stirred and loosely 
stoppered. At theend of theaddition, the reaction is stirred cold for 45 minutes longer. 

A solution ofBl,1-dim«iiylethoxy)carbonyll-L-leucine hydrate (19.2 g., 77 mmole) in dry 
tetrahydrofuran (ISO ml.) is cooled to -10° to -15** under an atmosphere of argon. The reaction mixture is 

1 5 treated with N-nttmyhnond^ne (7.79 g., 77 mmole), added neat, followed by the careful addition of 1 5 

isobutylchlorofonnate^ias^ 77 mmole), added neat and dropwise while keeping the temperature 
between -1(rand-15°.Uponcompletion of the addition, the solution is kept at -IS** for 15 minutes before 
addition to the ethereal diazoniethane. 

As much as ps^le of Jhe diazomethane solution in ether is decanted into a 1 (. Erlenmeyer flask and 

20 kept cold. The rsamnderis|ioured into a 500 ml separatory funnel. The aqueous layer is drained and 20 
discarded u^telfaeether^ added to the decanted material. The total ethereal diazomethane is quickly 
dried over solid^rtesJum hydroxide, then decanted into a 1 1, filtering flask fitted with an argon sidearm 
connection. magneiiCBlly^iwI and cooled in a -10" bath. Total volume by now is about 400 ml. A filtering 
funnel is put in p laoe vactiuiri momentarily connected at sidearm, the mixed anhydride preparation is 

25 quickly filtered dincdy tnto^ -10*' ethereal diazomethane. Ether rinses are used to finish the transfer. The 25 
vacuum is rq^lased^lheaii^ line and the reaction is allowed to warm to 0* and is kept at 0* for one hour. 
The flask is thenstopperedf fitted with a balloon and refrigerated overnight 

The reaction nuxtureisttxt rinsed with 400 ml. each of 3% aqueous acetic acid, water, saturated 
sodium bicarbotqte, watef/and brine, dried (MgSOJ and concentrated in vacuo. The crude product is 

30 recrystallizedfromcthcr-ijeiftfleum ether to give 17.2 g. of ((S)-1-chloro-5-methyl-2-oxo-3-hexyllcartjamic 30 
acid, 1,1-dimeth^^ahyl estef:; m.p. 87-^"*; [qId - -51.2" (c = 1, methylene chloride). 

Calculated for CaHaiNjpai C, 56.45; H, 8.29; N, 16.46 
Found: C, 56.13; H, 8.31; N, 16.39. 

<^JW(S)'3-iIf7,7^meti7yIethoxy)carbony/JaminoJ-5-niethy/'^^ 

35 ester 35 
A solution of I(S)-1-chIorD-5-methyl-2-oxo-3-hexyllcarbamic acid, 1,1-dimethylethyl ester (3.55 g., 13.5 
mmole) in dimethylformamide (1 8 ml.) is added, in one portion, to a mixture of L-leucine, 2- 
(trimethytei»yl)etfiyl ester (547 g., 23.6 mmole), sodium iodide (1.06 g., 7.1 mmole), and sodium bicarbonate 
(2.0 g., 23.6 mmole) in dimethylformamide (18 ml.). The reaction, under an atmosphere of nitrogen, is 

40 stirred atambienttemperature overnight, then diluted with 500 ml. of 1 :1 ethyl acetateiether and washed 40 
with 100 ml.portifHis of water,5% sodium bicarbonate, water, and brine, dried (MgSOj) and concentrated 
m vacaoio give 7.8 g. of cnateproduct Rash chromatography on 85 g. of LPS— 1 silica gel eluting with 10*1 
hexane;ethyJaoetete yields SuOfl. of N-[(S)-3-([(1,1-dimethylethoxy)carbonyllamino]-5-methyl-2-oxohexyli- 
L-leucine, 2-(trtmeihylsilyt)ethyl ester as an oil; [alt, ^ -15.5° (c = 1, chloroform). TLC (silica get- 6*1 

45 hexane:ethyJacetaSB)R, = 0.11. 45 

e}N-[(S}-3-[[f1^1-I>jmethyf€iimxy)carbonyf]aniino]'5'methyl'2-hyd^ 
(tn'methy/si/yfjethyf ester 

Sodium borohydride (2.1 g^ 54.5 mmole) is added to a solution of N-((S)-3-[[(1 ,1 - 

dimethylethoxy)carbonyllamtnoI-5-methyl-2-oxohexyl]-L-leuclne, 2.(trimethylsilylWher ester ( 
50 mmole) m a mixture of tetrahydrofuran (150 ml.) and water (50 ml.) cooled in an ice-water bath. After 5 50 
minutes the reaction is poured into water (300 ml.) and extracted with ethyl acetate (600 ml.|. The organic 
extract is rinsed further with water and brine, dried (MgSO J and concentrated in vacuo to yield 4.7 g. of 
crude product. Flash chromatography on 140g.of LPS— 1 silica gel eluting with 10:1 petroleum 

ether:acetoneyieIds3.5g.ofN-((S)-3-[[(1,1-dimethylethoxy)carbonyl]amino]-5-methyl-2-hydroxyhexyl|-L- 
55 leucine, 2-(tnmethylsilyl)ethyl ester as an oil; [qId = -27.8^ (c = 1 , chloroform). TLC (silica gel; 10:1 55 
petroleum ether:acetone) R, = 0.20. 



10 
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f) (2R,3Sh and (2S, 3S}'N-[3'[[(% 1'Dimethylethoxy}carbonyl]amino]-5-methyl-2-hy(iroxyhexyl]-N- 
[(phenylmethoxy}carbonyl]-L'ieucine, 2-(trimethylsilyl}ethyl ester 

A mixture of N[(S)-3-[[(1,1-dimethylethoxy)carbonyllarninol-5-rnethyl-2-hydroxyhexyl]-L-Ieucine, 2- 
(trimethylsilyDethyl ester (3.5 g., 7.6 mmole) and N-I(phenyimethoxy)carbonyloxyIsuccinimide {2.8 g., 1 1.4 
5 mmole) in dry tetrahydrofuran (13.5 mi.) is stirred under nitrogen in a stoppered flask at ambient 5 
temperature for 48 hours, then diluted with 100 ml. of ether and rinsed with water and brine, dried (MgSOJ 
and concentrated in vacuo to give 5.6 g, of crude product The mixture is flash filtered through 60 g. of 
LPS— 1 silica gel eluting with 20:1 petroleum ether:acetone then separated on a Waters Prep 500 LC using 
two columns eluted with 25:1 petroleum etherracetone (250 mUmin., 200 ml. fractions). Homogeneous 
1 0 fractions of the first isomer eluted are pooled to give 1 .53 g. of (2S,3S)-N-(3-[[(1J - 1 0 

dimethylethoxy)carbonyl]amlno]-5-methyl-2-hydroxyhexylI-N-((pheny!methoxy)carbonyll-L-Ieucine, 2- 
(trimethylsilyl)ethyl ester; [aJo = -57,4° (c = 1, chloroform). TLC (silica gel, 10:1 petroleum ether:acetone) 
R, = 0.24. 

Anal, calc'd for C3,Hg4Na07Si: C, 62.59; H, 9.15; N, 4.71 
^5 Found: C, 62.57; H, 8.87; N, 4.99 15 

After collecting 132 mg. of a mixture fraction, 1.72 g. of pure (2R,3S)-N-(3-[[(1»1- 
dimethylethoxy)carbonyI]amino]-5-methyl-2-hydroxyhexyl]-N-[(phenyImethoxy)carbonyl]-L-leucine, 2- 
{trimethylsilyDethyl ester is obtained as an oil; [aJo = -25.2" (c = 1, chloroform). TLC (silica gel, 10:1 
petroleum ether:acetone) Rf = 0.21. 

20 Anal, calc'd for C3,H„Na07Si: C, 62.59; H, 9.15; N, 4.71 20 
Found: C, 62.29; H, 9.28; N, 4.62. 

gl(2R,3ShN-[[3-[{1,1-Dimethylethoxy}carbonyl]-2^-dimethyf-4'{^^ 
f(pheny/methoxy)carbony/J'L-feuc/ne,2'(trfmethyfsi/y/)ethy/ ester 

The (2R»3S) isomer product from part (f) (2.42 g., 4.1 mmole) is dissolved in 72 ml. of dry methylene 

25 chloride and treated with 2-methoxypropene (5.9 g., 82 mmole), followed by pyridlnium-p-toluenesulfonic 25 
acid (0.206 g., 0.802 mmole). The reaction is stirred under nitrogen at room temperature for one hour and 
then diluted with ether (500 ml.) and rinsed with water and brine, dried dVlgSO^), and concentrated in vacuo 
to give 3.1 g. of crude product. Chromatography on a Waters Prep 500 LC using two columns eluted with 
35:1 petroleum ethenacetone (250 mUmin., 125 ml. fractions) yields 2.2 g. of (2R, 3S)-N-[[3-[(1,1-dimethyl- 

30 ethoxy)carbonylI-2,2-dimethyl-4-(2-methy!propyl)oxazo!idin-5-yl]methyl]-N-[(phenylmethoxy)carfaonyl]-L- 30 
leucine, 2-(trimethylsilyl)ethyl ester as an oil; [alp = -4.3" (c = 1, chloroform). TLC (silica gel, 15:1 
petroleum ether: acetone) Rf = 0.44. 

Anal, calc^d for Cs^HsaNaOySi: C, 64.32; H, 9.21; N, 4.41 
Found: C, 64.39; H, 9.40; N, 4.25 

35 h) (2R, 3S)-N'[N'[[3'[(h UDimethyiettioxy)carbonyl]'2,2'dirnethyi-4^(2'niethyipropyl)ox8Zoiidin-5- 35 

yl]metfiyi]'N'[(pbeny!methoxy)carbonyt]-L'Valine, mettiyl ester 

To a solution of the 2-(trim ethyl si lyDethyl ester product from part (g) (2.2 g., 3.46 mmole) in 

dimethylformamide (26 ml.) under nitrogen at room temperature is added tetra n-butyl ammonium fluoride 

trihydrate (2.2 g., 6.92 mmole). After 15 minutes, the reaction is diluted with 200 ml. of 1 :1 ether:ethyl 
40 acetate and rinsed with three 75 ml. portions of water, rinsed with brine, and dried (MgS04). Removal of 40 

solvents in vacuo yields 1.85 g. of the carboxylicacid intermediate. TLC (silica gel 20:1 :1, 

chloroform: methanol: acetic acid) Rf = 0.64. 

This crude carboxyltc acid material (3.46 mmole) is dissolved in 30 ml. of tetrahydrofuran under 

nitrogen. The solution is cooled in an ice bath and treated with L-valine, methyl ester, monohydrochloride 
45 (580 mg., 3.46 mmole), hydroxybenzotriazole hydrate (530 mg., 3.46 mmole), and finally, 45 

dicyclohexylcarbodiimide (749 mg., 3.63 mmole) followed by N-methylmorpholine (350 mg,, 3.46 mmole). 

The reaction mixture is allowed to warm to room temperature overnight, then filtered and taken up in 200 

ml. of 1 :1 ethyl acetate :ether. The organic solution is rinsed with 60 ml. portions of 5% potassium bisulfate, 

water, saturated sodium bicarbonate, and brine, dried (MgSOJ, and concentrated in vacuo to give 2.4 g. of 
50 crude product. Flash chromatography on 120g. of LPS — 1 silica gel eluting with 20:1 petroleum 50 

ethenacetone gives 1.9 g. of (2R,3S)-N-[N-[ [(3-[( 1,1 -dimethyl ethoxy)carbonyl I-2,2-dim ethyl-4-(2-methyl- 

propyl)oxazolidin-5-ylImethyll-IM-[(phenyimethoxy)carbonyll-L-leucyll-L-valine, methyl ester; [aJt, = +10.4" 

(c = 1, chloroform). TLC (silica gel; 15:1 petroleum ether: acetone) Rf = 0.08. 

ij (2R,3S}-N-[N-(3'[[N'[(h 1'Dimethy{ethoxy}carbonyi}'3'[(pbenylmeti}Oxylrnethyi]-L-histidyl]amino]-2- 
5 5 iiydroxy-5-methYiiiexyfM{phenyimetfioxy}carbonyfJ-L-/eucyi]-L'VaIiner methyi ester 

A solution of the methyl ester product from part (h) (1 .8 g., 2.78 mmole) in methylene chloride (18 ml.) is 55 
cooled to O^'and treated with 9 ml. of trifluoroacetic acid. The cooling bath is removed and the reaction is 
stirred for one hour. It is then concentrated in vacuo and treated with 12 ml. of tetrahydrofuran and 6 ml. of 
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1 N aqueous hydrochloric acid. After one hour, the reaction mixture is treated with 75 ml. of saturated 
sodium bicarbonate solution and 75 ml. of chloroform. The basic aqueous layer is further extracted with 
another 75 ml. of chloroform and the combined organic extracts are rinsed with brine, dried (MgSOJ, and 
concentrated /n^^acwo to give 1.4 g. of crude aminoalcohol.TLC (silica gel; 10:1 chIoroform:methanol)R,= 
5 0.31. 5 

The above aminoalcohol (2.78 mmole) Is dissolved in tetrahydrofuran (25 ml.) to which is added 
hydroxybenzotriazole hydrate (425 mg., 2.78 mmole) and 3-I(phenylmethoxy)methyl)-1-[(phenylmethoxy)- 
carbonyll-L-histidine (1.04 g., 2.78 mmole). The reaction mixture is cooled in an ice bath, treated with 
dicyclohexylcarbodiimide (602 mg., 2.92 mmole) and allowed to warm to room temperature overnight 

1 0 under nitrogen. The reaction is then diluted with 200 ml. of 4:1 ethyl acetate: ether, filtered, and rinsed with 0 
50 ml. portions of 5% potassium bisulfate, water, saturated sodium bicarbonate, water, and brine, dried 
(MgS04). and concentrated fn vacuo to give 2.3 g. of crude product. Chromatography on a Waters Prep 500 
LC using two columns eluted with 40:1 chloroform :methanol (250 ml./mtn., 125 ml. fractions) to give 1 ,9 g. 
of(2R,3S)-N-[N-[3-(IN-[(l,1-(dimethylethoxy)carbonyl]-3-[(phenyimethoxy)methyl].L.histidylJaminol-2- 

1 5. hydroxy-5-methylhexyll-[(phenylmethoxy)carbonyl]-L-IeucyIl-L-valine, methyl ester as a glassy solid; m.p. 1 5 
62—67°; [qJd = -22.4"* (c = 1, chloroform). TLC (silica gel; 20:1 chlorofon7i:methanol) R, = 0.34. 

Anal, calc'd for C46H86N6O10.O.6H2O: C, 63.08; H, 7.96; N, 9.60 
Found: c, 63.14; H, 7.89; N, 9.20. 

/) (2Rr3ShN-[N'[3-(L-Histidy!amino}'2-hydroxy-5'methythexyi]'^^^ methyl ester, 

20 hydrochloride (1:3,1) 20 
A solution of the methyl ester product from part (i) (606 mg., 0.7 mmole) in 14 ml. of 4:1 acetic 
acid:vvater containing 4 equivalents of hydrochloric acid (2.8 mmole) is treated with 200 mg. of 10% 
palladium on carbon catalyst. The reaction mixture is shaken on a Parr apparatus ovemight at 50 psi of 
hydrogen at room temperature. The mixture is converted to the corresponding acetate salts on an AG 1— X2 

25 (10 ml. column bed run in 8:1 , watermethanol). The lyophilized mixture of acetate salts is then 25 
chromatographed on a 160 ml. HP— 20 column gradient eluted from 1.5 1, of 5:95:0.5 methanol :water:acetic 
acid to 1.5 1, of 70:30:0.2 methanol :water:acetic acid (flow rate 2.5 mUmin., 10 ml. fraction sizes). 
Homogeneous fractions of the first material eluted yield 225 mg. of (2R,3S)-N-[N-I3-(L-histidylamino)-2- 
hydroxy-5-methylhexyl]-L-leucyl]-L-valine, methyl ester, triacetate salt. 

30 This triacetate salt is converted to the trihydrochloride salt on an AG 1— X2 (CI") column, lyophilized 
and precipitated from methanol-ether. The resulting slightly yellow solid is thoroughly dried at high 
vacuum to remove traces of ether and yields 160 mg. of (2R,3S)-N-[N-t3-(L-histidylamino)-2-hydroxy-5- 
methylhexyl]-L-leucyl]-L-valine, methyl ester, hydrochloride (1 :3.1 ) as a slightly off-white powder; m.p 
182—232° (dec); [a]o = -15" (c - 0.5, methanol). TLC (silica gel; 5:1:1:1 n-butanoi:pyridine:acetic 

35 acid:water)R^ = 0.63. 35 

Anal, calc'd for C25H46N606-3.1HCI.1.7H20: C, 45.88; H, 8.09; N, 12.84; CI, 16.80 

C. 45.83; H, 7.73; N, 12.51; Cl! 16.81. 

EXAMPLE 2 

<2R,3S)-N-[N-(3-[(N-[(1,1,-Dimethylethoxy)carbonyI]-L-histldyllamino]-2-hydroxy.5-methyIhexyl]-L-leuc^ 
40 L-valine, methyl ester, acetate salt (1:1) 40 

Pooling of the homogeneous fractions of the second component to yield from the HP— 20 column in 

Example 1 (]) yields 144 mg. of (2R, 3S)-N-[N-[3-[lN-[(1,1-dimethylethoxy)carbonyIl.L.histidylJaminoJ.2- 

hydroxy-5-methylhexyl]-L-leucylJ-L-vaIine, methyl ester, acetate salt (1:1); m.p, 66—77*'; |a]o = -31.6"* (c = 

0.5, methanol). TLC (silica gel; 90:20:2.5:1 chloroform :methanoI:water:acetic acid) R, = 0.26. 

45 Anal, calc'd for C3oHg4N60rC2H402-0.4H20: C, 56.68; H, 8.74; N, 12.40 45 

C, 56.54; H, 8.67; N, 12.77. 

EXAMPLE 3 

(2S,3S)-N-[N-[3-[[N-[(1,1.Dimethylethoxy)carbonyl]-L.histidyl]amino]-2-hydroxy-5-methylhexyi]-L-leucvlI- 
L-valine, methyl ester 

50 a} (2S,3ShN'[[3-[(h 1'Dirnethylethoxy)carbonyl]~Z2'dimethYl-4-(2-methylpropyl}oxazoUdm^^^ 50 
IfphenylmethoxyJcarbonylH-leucine, 2-(trimethylsilyl}ethyl ester 

2-Methoxypropene (3.49 g., 48.4 mmole) is added to a solution of (2S,3S)-N-[3-[[(1,1.dimethylethoxy)- 

carbonylIamino]-5.methyl-2-hydroxyhexylI-N-[{phenylmethoxy)carbonyll-L-leucine,2-(trimethyIsilyl)ethyr 
ester (1 .44 g., 2.42 mmole) [prepared in Example 1 (f)j In dry methylene chloride (42 ml.) followed by the 
55 addftion of pyridine-p-toluenesulfonic acid (0.12 g., 0.48 mmole). The reaction mixture is stirred at ambient 55 
temperature under nitrogen for 45 minutes, then diluted with ether (350 ml.), rinsed with water and brine 
dried (MgS04), and concentrated In vacuo to give 2.0 g. of crude product. Flash chromatography on 1 13 g 
?ntlfrl fr'*'? "^'^^ ^ gradient of from 1 00: 1 to 25: 1 petroleum etherracetone yields 1 .46 g. of 

(2S,3S)-N.[[3-[(1,1-dimethyIethoxy)carbonyll-2,2-dimethyl-4-(2-methyfpropy0oxazo!idin-5-yl|methyl]-N- 
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[(i;rfjenyfaneAoxy|carbonyll-L-leucine, 2-(trimethylsilyl)ethyl ester asan oil; (a]o -IS.e^'tc = 1, 
chloidfemO-TLC (silica gel, 10:1 petroleum etheriacetone} Rt = 0.53. 

An^cate*dforC34H58N207Si: C, 64.32; H, 9.21; N, 4.41 
Found: C, 64.60; H, 9.19; N, 4.24. 

5 b) i2Si3S>-N-[N-[[3'[ih UDimetbylethoxy}carbonyU-2,2-dimethyl'4'(2'methylpropyl}oxazom^ 5 
N-[^^xnjfiinethoxy}carbony!]'L-leucyl]'L'Vaimer methyl ester 

To3solution of the 2-(trinnethyIsilyI) ethyl ester product from part (a) (1 .6 g., 2.52 mmole) in 
dim eflq^oi n iamide (19 ml.) is added tetra n-butyl ammonium fluoride trihydrate (1 .6 g., 5.04 mmole). After 
15 minutes, the reaction is diluted with 200 ml. of 1 :1 ethyl acetate: ether. The organic extract is rinsed with 
1 0 water and brine, dried (MgS04), and concentrated in vacuo to give 1 .4 g. of crude carboxylic acid 1 0 

intermediate. 

Thiscnide carboxylic acid (2.52 mmole) is dissolved in tetrahydrofuran (22 ml.). The solution is cooled 
in an icebatii under nitrogen and treated with hydroxybenzotriazole hydrate (0.385 g.) and L-valine, methyl 
ester, monohydrochloride (0.422 g., 2.52 mmole). Dicyclohexylcarbodiimide (0.547 g., 2.65 mmole) is added 

1 5 followedby N-methylmorpholine (0.255 g., 2,52 mmole). The reaction mixture is allowed to warm to room 1 5 
temperatureovernight, then filtered and taken up in 180 ml. of 2:1 ethyl acetate:ether. The organic solution 
is rirt$edvi^5% potassium bisulfate, water, saturated sodium bicarbonate, water, and brine, dried 
(Wlg^4j, and concentrated in vacuo to give 1.8 g. of crude product Flash chromatography on 90 g. of 
LPS— 1 siUca gel eluting with 15:1 petroleum ether:acetone gives 1 .35 g. of (2S, 3S)-N-[N-[[3-[(1,1-dimethyl- 

20 ethoxy)carbonyl]-2,2-dimethyl-4-(2-methylpropyl)oxazolidin-5-ylImethylJ-N-{(phenylmethoxy)carbonyl]-L- 20 
leucyii-L-valine, methyl ester [a]o = -55.1 ° (c = 1, chloroform). TLC (silica gel; 10:1 petroleum 
ether:acetone) R, = 0.13. 

Anal.C^d.fDrC35H57N308: C, 64.89; H, 8.87; N, 6.49 
Found: C, 64.88; H, 8.98; N, 6.34. 

25 c) (2S^hNr{N-[3-[[N'[{1, 1-Dimethylethoxy}carbonyf]-3'[(pheny!methoxY)methyiH-^^^ 
hydroxy^Srmethyfhexy/M(pheny/methoxy)carbony/]'L-feucy/J'L^^^ methyl ester 

Asoluton of the methyl ester product from part (b) (585 mg., 0.903 mmole) in dry methylene chloride (6 
ml.) is cooled in an ice-water bath under argon and treated with 3 ml. of trifluoroacetic acid. The cooling 
bath is removed and after one hour the reaction mixture is concentrated In vacuo to an oil. This oil is 

30 dissolvedin tetrahydrofuran (4 ml.) and then treated with 1 N aqueous hydrochloric acid (2 ml.). The 
resulting ixdxture is stirred for 5 hours at room temperature then basified with saturated sodium 
bicarbonate solution (25 ml.). The mixture is extracted with two 25 ml. portions of chloroform. The organic 
extract is nxtsed with brine, dried (MgS04), and concentrated fn vacuo to give 440 mg. of crude 
amtnoalcohoi product TLC (silica gel; 9:1 chloroform: methanol) R| = 0.28. 

35 This aminoalcohol (0.867 mmole) is dissolved in tetrahydrofuran (8 ml.). To the resulting solution is 
added hydroxybenzotriazole hydrate (133 mg., 0.867 mmole) and 3-[(phenylmethcxy)methyl]-1-[(phenyl- 
methoxy)caTt>onyl]-L-histidine (325 mg., 0.867 mmole). The mixture Is cooled in an ice-bath under argon 
and treated with dicyclohexylcarbodiimide (188 mg., 0.910 mmole). The reaction is allowed to warm to 
room temperature overnight, then filtered and taken up in 6:1 ethyl acetate:ether. The solution is rinsed 

40 with 15 ml. portions of 5% potassium bisulfate, water, saturated sodium bicarbonate, water and brine, dried 
(MgS04), and concentrated in vacuo to give 758 mg. of crude product Flash chromatography on 40 g. of 
LPS— 1 siHca gel eluting with 20:1 chloroform:methanol gives 686 mg. of (2S,3S)-N-lN-[3-[[N-[(1,1- 
dimethylethoxy)carbonyll-3-[(phenylmethoxy)methyl]-L-histidyl]amino]-2-hydroxy-5-methylhexyl]- 
[(phenylmethoxy)carbonyll-L-leucyll-L-valine, methyl ester as a glassy solid; m.p. 53—60*'; [aJo = -55.2° (c 

45 = 1, chloroform). TLC (silica gel; 20:1 chloroform:methanol) Rf = 0.13. 

Anal. calcU for C46H68N6O10.IH2O: C, 62.56; H, 7.99; N, 9.52 
Found: C, 62.51; H, 7.98; N, 9.39. 

d) (2S, 3S}'N'[N-[3-[[N'[(t 1-Dimethylethoxy}carbonyt]-L-histidYl]ammo]-2'hydroxy-5-metbylhexyl]-L- 
leucyl]-L-va!ine, methyl ester 

50 To a solution of the methyl ester product from part (c) (605 mg., 0.7 mmole) in 1 2 ml. of 4:0.8:0.2 acetic 
acid:water:dimethylformamide containing 2.2 equivalents of hydrochloric acid is added 280 mg. of 10% 
palladium on carbon catalyst The mixture is shaken on a Parr apparatus at 50 psi of hydrogen for 18 hours, 
then filtered and concentrated in vacuo to 560 mg. of crude product. Repeated HP— 20 gradient 
chromatographies using methanol:water:dilute acetic acid finally yield 290 mg. of purified product. A final 

55 flash chromatography using 25 g. of LPS — 1 silica gel eluting with 100:25:2.5:1 

chloroform :methanol : water:acetic acid yields 21 2 mg. of (2S,3S)-N-[N-[3-[[N-[(1 ,1 -dimethyl- 
ethoxy)carbonyI]-L-histidyl]amino]-2-hydroxy-5-methylhexyl]-L-leucyll-L-valine, methyl ester; m.p. 
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73_830; [a]o = -40.2' (c = 0.5, methanol). TLC (silica gel; 90:20:2.5:1 chloroform :methanol:water:acetic 
acid) R, = 0.34. 

Anal, calc'd for C3oH54N607-1.2H2: C, 56.97; H, 8.99; N, 13.29. 
Found: C, 56.94; H, 8.87; N, 13.14. 

5 EXAMPLE 4 5 
(2S,3S)-N-[N-[3-(L-Histldylamino)-2-hydroxy-5-methylhexyl]-L-leucyn-L-valine, methyl ester, hydrochloride 

(1:3) 

A solution of (2S,3S)-N-[N-[3-[[N-l(1,1-dimethylethoxy)carbonyl)-L-histidinyi]amino]-2-hydroxy-5- 
methylhexyll-L-leucyl]-L-valine, methyl ester (108 mg., 0.17 mmole) in distilled trifluoroacetic acid (15 ml.) is 

10 blanketed with nitrogen stoppered, and stirred at room temperature. After one hour, the reaction is 
concentrated in vacuo to give 193 mg. of crude product This is combined with 10 mg. from a previous run 
and the entire 203 mg. is chromatographed on 6.4 ml. (5.5 eq.) of AG 1— X2 (CI") resin eluting with water. 
Lyophili2ation gives 121 mg. of partially purified product. This 121 mg. is resubjected to 15 ml. of 
trifluoroacetic acid for one hour and then concentrated in vacuo and lyophilized. Chromatography is 

1 5 performed on a 35 ml. column of HP-20 resin packed in 96:2:2 water:1N hydrochloric acid:methanol and ^ g 
eluted with a gradient from 150 ml. of 96:2:2 to 150 ml. of 58:2:40 water.lN hydrochloric acid:methanol. 
Pooling of homogeneous product containing fractions gives 92 mg. of (2S,3S)-N-(N-[3-(L-histidylamino)-2- 
hydroxy-5-methylhexyl]-L-leucyI)-L-valine, methyl ester, hydrochloride (1:3); m.p. 180— 250^; [a]o = -25.8" 
(c = 0.5, methanol). TLC (silica gel; 5:1:1 n-butanol: pyridine: acetic acid:water) 

20 R, = 0.67. 20 

Anal. calcU for C25H46N605-3HCI-2.3H20: C,45.39; H,8.17; N,12.71; Cl,16.08 
Found: C, 45.36; H,7.91; N, 12.70; CI, 16.04. 



EXAMPLES 

(2S,3S)-N-[N-[3-[[N-[N-((1,1-Dimethyletho)cy)-carbonyll-L-phenylalanylI-L-histidyl]amino]-2-hydroxy-5- 

25 methy I hexyl)-L-leucyl]-L-va]ine, methyl ester, monoacetate salt 25 
d)(2Sr3$}-N'fN'[3-[fiS/'JN-[(KUDimetiiyiethoxy)carbonyiH'^^ 
histidyl]amino]-2-hydroKy-5-mett}ylhexyi]'L-ieucyi]-L-va!ine, methyl ester 

Asolution of (2S,3S)-N-EN-[3-[ [N-[( 1,1 -dim ethyl ethoxy)carbonyl ]-3-[(phenylmethoxy)methyl]-L- 
histidyI]aminol-2-hydroxy-5-methylhexyl]-[(phenylmethoxy)carbonylI-L-leucyll-L-valine, methyl ester (1.20 

30 g., 1.39 mmole} [prepared as set forth in Example 3(c)] in ethyl acetate (20 ml.) is cooled in an ice-water bath 
under nitrogen and saturated with HCI gas. The bath is removed and the stoppered reaction is kept at room 
temperature for 80 minutes, then concentrated in vacuo and triturated with ether. The crude bis- 
hydrochloride product weighs 1.02 g. 
Asolution of this material (1.02 g., 1.22 mmole), N-[1,1-dimethYlethoxy)carbonyl]-L-phenylalanine (0.323 

35 g., 1 .22 mmole), hydroxybenzotriazole hydrate (0.181 g., 1 .34 mmole) in dimethylformamide (14 ml.) is 35 
cooled in an ice-water bath under nitrogen and treated with dicyclohexylcarbodiimide (0.264 g., 1.28 
mmole) followed by N-methylmorpholine (0.246 g., 1 .28 mmole). The reaction is allowed to come to room 
temperature overnight, then diluted with 30 ml. of ethyl acetate, filtered, diluted further with 60 ml. of ethyl 
acetate and 25 ml. of ether. The resulting mixture is rinsed with 20 ml. portions of 5% aqueous potassium 

40 bisulfate, water, saturated sodium bicarbonate, water, and brine, dried (MgS04), and concentrated in vacuo 
to 1.35 g. of crude product. Flash chromatography on 80 g. of LPS-1 silica gel gradient eluted with from 2:1 
chloroform: ethyl acetate to 16:1 chloroform: methanol is used. Pooling of homogeneous product 
containing fractions gives 820 mg. of (2S,3S)-N-[N-[3-[[N-IN-[(1,1-dimethyIethoxy)carbonylI-L- 
phenylalanyll-3-I(phenylmethoxy)methyl]-L-histidyl]aminol-2-hydroxy-5-methylhexyll-L-leucyl|-L-valine, 

45 methyl ester; m.p. 71—81°; [qId = 33.1° (c = 1, chloroform). TLC (silica gel; 12:1 chloroform :methanol) R, = 
0.22 

b}i2S,3ShN-[N-[3-[[N-[N'[(h1-Dimethyletiioxyharbonyi]'L-phenyial^^^ 
methyihexyiJ-L-ieucy/H'vah'ne, methyl esten monoacetate sa/t 

A mixture of the methyl ester product from part (a) (500 mg., 0.490 mmole), 20% palladium hydroxide 

50 on carbon catalyst (150 mg.), and IN aqueous hydrochloric acid (1.08 ml.) in 24 ml. of 5:1 methanol: water is 
shaken on a Parr apparatus under 50 psi of hydrogen for 1 6 hours. The reaction is filtered, concentrated in 
vacuo, and flash chromatographed on 40 g. of LPS-1 silica gel eluting with 100:20:2.5:1 
chloroform:methanol:water:acetic acid. Product containing fractions are pooled and triturated with ether to 
give 271 mg. of (2S,3S)-N-[N-[3-[[N-[N-[(l,l-dimethylethoxy)carbonyll-L-phenylalanyl]-L-histidyIjamino|-2- 

55 hydroxy-5-methylhexyl]-L-leucylI-L-valine, methyl ester, monoacetate salt; m.p. 81—93°; [a]o = -27.8° (c = 
0.5, methanol). TLC (silica gel; 100:20:2.5:1 chloroform: methanol: water: acetic acid) R, = 0.52. 



Anal, calc'd. forC39H53N7O8-C2H4O2 0.6H2O: C, 59.41; H,8.29; N, 11.83 
Found: • C, 59.43: H, 8.38; N, 11.55. 
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(2R^S|-N-[N-[34[N4N-(1.1-DimethylethaKy)ca!lMOi^}i^ 
methy!hexyll-L-leucyl]-L-valine, methyi«ter, imwMM i arta te salt 

5 htsV'dyUaminoJ-2-hydroxy'5'methy/hexy(H'feuq4^^ 5 
Asolution of(2R,3S)-N-[N-[3-[[N4{1,Mim^hytethaxricarbonyll^^^^ 
histidyllamino]-2-hydroxy-5-methyihex»(H(pfteavlnw^^ methyl ester (1.23 

g., 1 .42 mmole) [prepared as set forth m£xample1Gn«iefliyl acetate (20 ml.) is cooled in an ice-water bath 
under argon and saturated with dry HO. The batfajsrerooved and after 40 minutes the reaction mixture is 

1 0 concentrated in vacuo to a glassy subsonce whidilsliikEtrBted with ether. The crude bis-hydrochloride i o 
product obtained weighs 1.08 g. 

A solution of this material (1.08 1-29 minote), N-Il1,1-dimethylethoxy}carbonyll-L-phenyiatanine 
(0.342 g., 1.29 mmole), hydroxybenzotnaaEole hydi^(0.192 g., 1.42 mmole) in dimethylformamide (15 ml.) 
is cooled in an ice-water bath under argon andteated vrilh dicyclohexylcarbodiimide (0.279 g., 1.35 mmole) 

1 5 followed by N-methylmorphoIine (0^1 ^^.SS jumiitej-lhe reaction is allowed to warm to room 1 5 

temperature overnight, then diluted vwlh 30 mLofeihvl acetate, chilled in an ice-bath for 15 minutes, and 
then filtered. The e>ctract is next treat«l«rith 25^-of^fdier and the organic solution is rinsed with 20 ml. 
portions of 5% potassium bisulfate, water, salinaaedsoifium bicarbonate, water, and brine, dried (MgSo4), 
and concentrated in vacuo to give 1 .43mflf»crudB^jiioduct flash chromatography on 77 g. of LPS-1 silica 

20 gel packed and initially eluted with 2:1 dilorofomuefliyl acetate (150 ml.) followed by a gradientfrom 400 20 
ml. of 2:1 chloroform:ethyl acetate to 16:1 chloiofiDrmrmethanol gives 1,09 g. of (2R,3S)-N-[N-(3-([N-[N- 
t(1,1-dimethyIethoxy)carbonyl3-L-phenylaIanyO-34(phenylmethoxy)methyll-L-histidvl]aminoJ-2-hydro^^ 
methyihexyl]-L-IeucylI-L-va!ine, methyl«steraBa homogeneous product; m.p.73— 80°; talo = -18.1" (c = 
1, chloroform). TLC (silica gel; 12:1 ddoasfomcmetfianoDHr = 0.43. 

25 b) (2R^}'N-[N-[3'[[N-[N-[(h 1-Dtmeih^Bthoxy)embon^-pheny/a/any/J-L-hist^^^^^ 25 
methyihexylJ-L'leucyll'L'valme, metirylestet^mmoacBtBte salt 

To a solution of the methyl esteruroductftompart (a) (500 mg., 0.490 mmole) in a mixture of 20 ml. of 
methanol and 4 ml. of water is added IN aqueoiffiliydrocWoric acid (1 .08 ml.) and 20% palladium hydroxide 
on carbon catalyst (1 50 mg.). The reacfoi mbduis is faydn^nated under 50 psi of hydrogen on a Parr 

30 apparatus for 15 hours at room tempeoture.lhen'^sred and concentrated in vacuo to 400 mg. of crude 30 
product Rashchromatographyon459.of LRSfl-sflicagdeluting with 100:20:2.5:1 
chloroform:methanol:water:aceticaoklytelds3i0mg. of purified product. Trituration with etherfollowed 
by drying (vacuum pump) at room tsmperaUnB-fDraboutSe hours yields 300 mg. of (2R,3S)-N-[N-(3-C[N-lN- 
Ul,1-dimethyIethoxy)carbonyl]-L-pheriylalanytR-histidWJamino)-2-hydroxy-5-methylhexyl]-L^ 

35 valine, methyl ester, monoacetate salC m-p. [at = -21 .2° (c = 0.5, methanol ). TLC (silica gel ; 35 

100:20:2.5:1 chIoroform:methanol:waBnac8l»add)R,« 0.44. 

Anal. catcU for C39H63N7Oa-C2H4O,-1iJHaO:C5a90;H,832; N, 11.73 
Found: asaJ83;H,8^; N, 11.68. 

EX/MWft£7 

40 {2S,3S^-N-{^H^I-[2-Hydroxy-5Hnethyl^^^HL-^d^e^y1alanyl)- -L-leucyll-L-valine, 40 

methyl ester, trihydrochloride 

Trrfluoroacetic acid <15 ml.) is cooled in anice-balh under nitrogen, then treated with (2S,3S)-N-lN-[3- 
[nsI4N-t(1,1-dimethylethoxvtoibonylK-pheny1atenyt|4^^ 

leucylj-t-valine, methyl ester, monoacetate salt mg.,ai7 mmole) [prepared as set forth in Example 5]. 

45 The ice bath isTemovBd,^nd the reajSion is stined at ambient temperature under nitrogen. After one hour, 45 
the reaction is concentrated in i^anrt> and lyophHizBd from water containing 2.5 ml. of 1 N aqueous 
^tydTt5chloncsc«5<5eq.)tO'obtamia7ng. of the crude trihydrochlo ride salt Chromatography is performed 
on a 35 ml. column of HP-20 resin^iAed with a gradient from 1 50 ml. of 96:2:2 water:1 N hydrochloric 
add:methan£^io^a)inL<>f ^:2:^waier:1Ntiyitochlortc acid: methanol. The product containing fractions 

50 are pooled andlyophTfized to give 70 mg. of par^alty purified product. Relyophilization from water affords 50 
^9 mg. of (2S.^>^W2-hydroxy^&flvethyl-^4IfMl.-lrfienylalanyl)-L^ 

valine; methyi ester, trihydrochJcrider- 18B-^220°; laJo = -23.2* (c = 0.5, methanol). TLC (silica gel; 
5:1 :1 ;1 n-butanol:pyridine:aceticacid;water)R| = 0.76. 

Anal. calcU for C34HssT^706-3.1Ha-3.5 H20: C4856; H,7.87; N, 11.76; CI, 13.18 
55 Found: C. 49;(»;H. 7.53; N, 11.66; CI, 13.32. 55 

EXAMPLES 

(2R,3S)-N-[N-[2-Hydroxy-5-methyl-3-[IN-(L-phen\rtalanyn-l.-histidyI]amino]butyl]-L-valine, methyl ester, 
trihydrochloride 

Trifluoroacetic acid (1 1 ml.) is cooled in an ice-^bath under nitrogen, then treated with {2R,3S)-N-[N-(3- 
60 [[N-[N-[(1,1-dimethylethoxy)carbony!H-phenylalanyIR-histidytlamino]-2-hydroxy-5-methylhexyl]-L- 60 
leucyll-L-valine, methyl ester, monoacetate saft (100tng,, 0.13 mmole) (prepared as set forth in Example 6), 
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and the reaction is stirred cold undernftrogwv^JlifiBr one tour, the reaction is concentrated in vacuo and 
lyophilized from water containing 2nilof IN aqueot^liydfochloric acid (5 eq.) to give 104 mg. of crude 
hydrochloride salt Chromatographyfap Bifuiu«l Tpn335 ml. column of HP — ^20 resin eiuting with a 
gradient from 150 ml.of 96:2:2 watenlN hyxtofttorfcadd: methanol to 150 ml. of 54:2:44 water:1N 
5 hydrochloric acid: methanol. The product conlaiiiing tractions are pooled and lyophilized to give 80 mg. of 5 
(2R^S^N-{N-[2-hydfToxy-5-methyl-3-t[IHL-plwnytelanylH--histidyn 

ester, trihydrochloride; m.p. 95— 115»;|aJo « -IWfc = 0.5, methanol). TLC (silica gel; 5:1 :1 :1 n-butanol- 
pyridine:aceD*c acid:water) Rf = 0.61. 

Anal, cate'd. for QMHssNyOe-SHa-iSHzO: Crm2S; H,7.82; N, 12.06; CI, 13.09 
10 Found: CrmSS; H,7.58; N, 12.00; CI, 12.87. iq 

EXAMPLE 9 

N4N4i3S)-34IN4N-I(1J-DtmethylettBKy)caiiiomylH£;|i^ 

methylhexyll-L-leucyJ]-L-phenylalaniiwwtnethyl«stBr,3ceEtic acid salt (1 :2) 
1 5 a) 3-[(Phenylmethoxy)methyfH-htstfiSne, m^h^lester, dihydrochioride 1 5 

N-[(1,1-Dimethylethoxy)carbonya^(pheiiyiincthoxy)methyl^ methyl ester, 

monohydrochloride (7.8 g., 18.3 mmaW^>rapBradBco>«Jing to the procedure of Brown et a!., J.Chem. Soc. 

Perkins Trans., Vol. 1, p. 2261 (1979H%«Bspenfledin«ltiyl acetate (140 ml.) under a flow of nitrogen, cooled 

in an ice-water bath. Dry hydrogen chtoride fsbubUed in to saturation and the resulting solution is 
20 stoppered and keptcoldfor 20 minutwandthenaiamblent temperature for 40 minutes. The reaction 20 

mixture is^heo concenlrated //? vaci/o to give 6.4 g. of crude product. Recrystallization from hot 

isopropanol yields 5.2fl-of S-KphenytmethoxyJmeth^K-histidine, methyl ester, dihydrochloride; m.p. 

159— 160^,i«sirfidifi8d^m.|>. 209— 2«f.iaU- +T3;iff'(c = 1.11, methanol). 

B) N4N4(1,1^>mwthvtethoxv)caft>onfH-t-|Jh»iy^^ 

25 ester 25 
Dlcydoh8xylcai1>odnmide (2,17 9« 10.5 mmole) is added to a mixture of 3-[(phenylmethoxy)methyl]-L- 
histidine, methyl ester« dIhydrochloraje|3.62^ 10 mmole), N-[(1 ,1-d^methylethoxy)carbonyl]-L- 
pheny]aianlne (2.56 g.>10mmole),3itfi» ydnMylie»fl 3tTiasole hydrate (1.68 g., 11 mmole) in 
dtmethytformamide (TOml.) cooled in an ice^iath itnder nitrogen followed by the addition of N- 

30 metbylmorpholine (2.02 g., 20 mm ofe). The reaction is allowed to warm to room temperature ovemight, 30 
then chilled for 25 minutes in an ice-both afterdiluting with 200 ml. of ethyl acetate. The cold solution is 
filtered and the filtrate ts washed wilhthreeTDtnL portions of water, saturated sodium bicarbonate and 
brine, dried (MgSoJ, and concentrated//? i^acwto give 4.9 g. of crude product. Flash chromatography on 
250 g. of tPS-1 silica gel eluting with 3 column vc^umes of 1 :1 chloroform : ethyl acetate followed by a 

35 gradient to 15:1 (^Ioroform:methanolyieldsA2.g of purified product. Recrystallization from hot ethyl 35 
acetate affords 3.7 g of N-[N-t{1,1 -dimethylethoxy)-carbonyl]-L-phenylaIanyl]-3-I( phenyl methoxy)-methyll- 
L-histidine, meth^ eslen m.p. 165—156"; [afe-^ -1S4°(C = 0.5, methanol). TLC (silica get); 
chloroform :met}iRQnoi 12:1) R, = 0^. 

c) N-[N4(1,1-Dimfilhytelhoxy)carbonvl]-L-frfienyla!anyl]-3-((phenylmethoxy)methyll-U^ 

40 IN Aqueoossodfum hydroxide (6u8 ml.) is added to a solution of N-[N-[(1,1-dimethylethoxy)-carbonyI]- 40 
L-phenylalanylK34{phenylmethoxy>nrwthyl]-L-+itstidine, methyl ester (3.3 g., 6.2 mmole) in methanol (18 
ml.). After 3 hours, the leaction is dihxted with water (42 ml.) and then concentrated in vacuo to remove 
most of the methanol. The resulting solution is rinsed with 25 ml. of ether and then acidified to pH of 4.5 
using IN hydrochloric add. The pre^Mtatedsoltd^ filtered, washed with water, and dried in vacuo to give 

45 2.95 g. of I^N-I(1,1-dimethylethoxy>HcarbonylH--phenvlalanyl]-3-[(phenylmethoxy)methyll-L-histidine; 45 
m.p. 189— leO-^ldec.); IoId = -5.7* (c= 1^ dimethylfomriamide). TLC (silica gel; 2% NH4OH in n-propanol) 
Rf = 0.36. 

d) N-[(S)-3-[[(1,1-Oime*hylethoxy)cBibonylJamiTW)l-5-methyl-2-hydroxyhexyl]-N4(ph 
.,carbonyl]-L-1eudne,2-{trimethy1siiyOeStiyl ester 

50 A mixture of Nl{S^3rIU1*1-dimeihy4ethoxy)carbonyl]am(noI-5-methy!-2-hydroxyhexyn 50 
(trimethylsilyl)ethyl ester (3.5 g., 7.6fnmole) and N-[(phenylmethoxy)carbonyloxyJsuccinimide (2.8 g., 11 .4 
mmole) in dry tetrahydrofuran (13Sin1.} is stirred untler nitrogen in a stoppered flask at ambient 
temperature for 48 hours, then diluted with 100 ml. of ether and rinsed with water and brine, dried (MgS04l 
and concentrated in vacuo to give 5:6 g of crude product. The mixture is flash filtered through 60 g. of LPS-1 

55 silica gel eluting with 20:1 petroleum etherracctone to give 4.3 g. of N-[(S)-3-[l( 1,1- 55 
dimethylethoxy)carbonyllammo]-5-fnethyl-2-hydroxy-hexyll-N-|(phenylmethoxy)carbonyl]-L-leucine, 2- 
(trimethylsilyl)ethyl esterase mixture of isomers. 

e) N-[l(3S)-3-[{1,1-Oi methyl ethoxy)carbobyI>2.2-dimethy I -4-(2-methylpropyl}oxa2olidin-5-yIl-methyl]-N- 
[(phenyl methoxy)carbonyl|-L-leucine, 2-(trimethyIfiilyl)ethyl ester 

60 IM-[(S)-3-[[{1,1-Dimethylethoxy)carbcnyll-amino|-5-methyl-2-hydroxyhexyIl-N-[(phenyimethoxy}- 60 
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carbonyl]-L-leucine, 2-(trimethylsilyi)ethyl ester (1 .9 g., 3.2 mmole) is dissolved in dry methylene chloride (7 
ml.) and treated with 2-methoxypropene (0.690 g., 9.6 mmole) followed by pyridinium-p-toluenesulfonic 
acid. The reaction is stirred at room temperature under nitrogen for five hours and then diluted with 500 ml. 
of ether and rinsed with two 75 ml. portions of water and 75 ml. of brine dried (MgS04), and concentrated in 
5 \^ac£/o to give the crude product. Flash chromatography on lOOg.of LPS-1 silica gel eluting with a gradient 5 
from 100:1 to 25:1 petroleum ether:acetone gives 1.9 g. of N-[[(3S)-3-[(1,1-dimethylethoxy)caribonyll-2,2- 
dimethYl-4-(2-methylpropyl)oxazolidin-5-ylImethylI-N-[(phenylmethoxy)carbonyll-L-leucine,2- 
{trimethylsilyDethyl ester. 

f) N-[N-[[(3S)-3-[(1,1-Dimethy!ethoxy)carbonylI-2.2-dimethyl-4-(2-methylpropyl)oxazolidin-5-yl]-methyl]- 

1 0 N-[(phenylmethoxy)carbonyl]-L-leucyl]-L-phenylalanine methyl ester 1 0 

Asolution of N-[[(3S)-3-[(1,1-dimethyIethoxy)cart3onyl]-2^-dimethyl-4-(2-methylpropyl}-oxazolidin-5- 
ylImethylI-N-[(phenylmethoxy)carbonyll-L-leucine, 2-(trimethylsilyl)ethyl ester (940 mg., 1.48 mmole) in 
dimethylformamide (1 1 ml.) at room temperature under argon Is treated with n-tetra butyl ammonium 
fluoride (934 mg., 2.96 mmole). After 15 minutes, the reaction is worked up by diluting with 50 ml. of ether 

1 5 and 50 ml. of ethyl acetate, rinsed with water (3x15 mi.) and brine dried (MgS04), and concentrated in 1 5 

vacuo to give 765 mg. of the free acid intermediate. 

A solution of this free acid (375 mg., 0.701 mmole), L-phenylalanine, methyl ester, hydrochloride (151 
mg., 0.701 mmole), and hydroxybenzotriazole hydrate (107 mg., 0.701 mmole) in tetrahydrofuran (7 ml.) is 
cooled in an ice-bath under argon and treated with dicyclohexylcarbodiimide (152 mg., 0.736 mmole) 

20 followed by N-methylmorpholine (70.9 mg., 0.701 mmole) dropwise. The reaction is allowed to wami to 20 
ambient temperature overnight. Afterward, the reaction is worked up by diluting with ethyl acetate (30 ml.), 
stirring in an ice-bath for 1 5 minutes, filtering, and adding an additional 30 ml. of ether. The organic solution 
is rinsed with 10 ml. portions of 2% potassium bisulfate, water, saturated sodium bicarbonate, and brine, 
dried (MgS04), and concentrated in vacuo to yield 480 mg- of crude product This crude material is purified 

25 byflashchromatographyonSOg.of LPS-1 silica gel, packed in petroleum ether, and eluted with a 10:1 25 
mixture of petroleum ether:acetone. The product containing fractions are pooled to give 433 mg. of N-[N- 
[[(3S)-3-[(1,1-dimethylethoxy)carbonyll-2,2-dimethyl-4-(2-methylpropyl)-oxazolidtn-5-yllmethyl]-N- 
[(phenylmethoxy)carbonyll-L-leucyi]-L-phenyla]anine, methyl ester. 

g) N-[N-((3S)-3-t[N-[N-[(1,1-Dimethylethoxy)carbonyl]-L-phenylalanyl]-3-l)phenylmethoxy)-methyl]-L- 

30 histidyIlaminoI-2-hydroxy-5-methylhexyll-N-[(phenylmethoxy)carbonyl]-L-leucyl)-L-phenyIalanine, methyl 30 

ester 

A solution of the methyl ester product from part (f) (433 mg., 0.62 mmole) in dry methylene chloride (4 
ml.) is cooled in an ice bath under nitrogen and treated with 1 ml. of trifluoroacetic acid. The bath is 
removed, and after stirring at ambient temperature for one hour, the reaction is concentrated in vacuo. The 
35 resulting brown oil is dissolved in 3 ml. of tetrahydrofuran and treated with IN aqueous hydrochloric acid 35 
(1 .3 ml., 1 .2 mmole), and stirred at room temperature. After 4 hours, the reaction is worked up by diluting 
with 20 ml. of saturated aqueous sodium bicarbonate, and extracting with chloroform {2 x 20 ml.). The 
organic extracts are combined, rinsed with brine, dried (MgSOJ, and concentrated in vacuo to 400 mg. of 
crude free amine. 

40 A solution of this crude free amine (400 mg., about 0.62 mmole), hydroxybenzotriazole hydrate (95 mg., 40 
0.52 mmole), and N-[N-[(1,1 -dimethyl ethoxy)carbonyl]-L-pheny la lanyll-3-[(phenyImethoxy)-methyl]-L- 
histidine (324 mg., 0.62 mmole), from part (c), in dimethylformamide (5 ml.) is cooled in an ice-bath under 
nitrogen, then treated with dicyclohexylcarbodiimide (135 mg., 0.65 mmole), and the reaction is stoppered 
and stored under refrigeration overnight. Afterward, the reaction is worked up by diluting with ethyl acetate 

45 {40 ml.) and ether (10 ml.), stirring for 45 minutes in an ice bath, filtering, washing the filtrate with 1 0 mi. 45 
portions of 5% aqueous potassium bisulfate, water, saturated aqueous sodium bicarbonate, and brine, 
dried (MgS04), and concentrated in vacuo to 650 mg. of crude product This material is purified by flash 
chromatography on 40 g. LPS-1 silica gel, packed in 2:1 chloroform :ethy I acetate, and eluting with the 
following: (1) two column volumes of 2:1 chloroform: ethyl acetate, (2)onecolumn volume of a 50:50 

50 mixture of(2:1,chloroform:ethyl acetate): (30:1, chloroform:methanol), and (3)30:1, 50 
chloroform :methanol. The product containing fractions are pooled to give 500 mg. of N-[N-[(3S)-3-[[N-[N- 
[(1,1-dimethylethoxy)carbonyl]-L-phenylalanyl]-3-[(phenylmethoxy)methyl]-L-histidyt]aminoI-2-hydroxy-5- 
methylhexyll-N-[(phenylmethoxy)carbonyl]-L-leucyl]-L-phenylalanine, methyl ester; [aJo = -12.6^ (c = 1, 
chloroform). TLC (silica gel; 20:1 chloroform: methanol) - 0.26. 

55 h) N-[N-[(3S)-3-[(N-[N[(1,1-Dimethylethoxy)-carbonyl]-L-phenyla!anyl]-L-histidyl]amino)-2-hydroxy-5- 55 
methyl hexylJ-L-leucylj-L-phenylalanine, methyl ester, acetic acid salt (1 :2) 

A solution of the methyl ester product from part (g) (470 mg., 0.44 mmole) in methanol {18 ml.) and 
water (3.6 ml.) is treated with 1 N aqueous hydrochloric acid (0,97 ml., 0.97 mmole) and 20% palladium 
hydroxide on carbon catalyst (135 mg.). The reaction is subjected to 50 psi of hydrogen on a Parr apparatus 

60 overnight Afterward, an additional 135 mg. of 20% palladium hydroxide on carbon catalyst is added, and 60 
the reaction is again subjected to 50 psi of hydrogen on the Parr apparatus. After 6 hours, the reaction is 
filtered, then concentrated in vacuo, and the residue is partitioned between 100 ml. each of saturated 
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aqueous sodium bfcetoute and chloroform. The organic layer is separated, washed with brine, dried 
(MgS04}, and concerthatral^ vacuo to give 510 mg. of crude product This material is purified by flash 
chromatography onSl^O-tsftPS-l silica gel, packed and eluted with 100:20:2.5:1 of 
chloroform:methanala«Hier:acetic acid. The product containing fractions are pooled and triturated with a 
5 few volumes (^etherand dried to give 297 mg. of N-[N-[(3S)-3-[(N-[N[(1,1-dimethylethoxy)carbonyll-L- 5 
phenylalanyl]-Uilstidyl]-amino]-2-hydroxy-5-methylhexyll-L-leucyl]-L-phenylalanine, methyl ester, acetic 
acid salt (1 ;2); m.p.7&-«2*; (alo = -17.6° (c - 0.5, methanol. TLC (silica gel, 90:20:2.5:1 
chloroform:nr>eUi aw qi l anf a ter : acetic acid) R, = 0.47. 

Anal, catc'd. iQTC^4^f^^^A0zA HzO: C, 59.79; H, 7.90; N, 10.38 
10 Found: C,59.86;U7J66;W, 10.52. 10 

Examples 10 — 27 

Following the procedures of Examples 1 to 9, the aminoalcohol shown below in Col I is reacted with the 
carboxylic acid^homin Col. 11 to give the product shown In Col. III. 



Col. I 



R2 OH 



15 



Ml 



15 



^gN-CH— CH — CHj- N — CH- C— N CH C-R^ 

Col. II 



Rg-C-OH 



Col. Ill 



O R2 OH R- R3 O Rj^j ^ O 

II II II II I I II 

R^ C-NH- CH — CH— CHj— N— CH— C- N CH-C-R^ 
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The R, protecting group shown in Examples 12 to 25 and 27, the Ra protecting groups shown in 
Examples 19» 20, and 26, the R3 protecting group shown in Example 22 are removed as the last step in the 
synthesis as can the Rn group shown in Examples 20, 24 and 26 and the Re protecting group shown in 
Examples 16, 22, and 23. 

5 In a similar manner, by employing the corresponding aminoketone of the formula 5 

Rjj O R3 0 R3,2 R 0 

I II I I |i I I l> 
H^N-CH — C -CH-g- N— CH — C — N CH— C - 

within the procedure of Examples 10 to 27 other compounds within the scope of the invention are obtained. 

EXAMPLE 28 

1000 tablets each containing the following ingredients: 

1 0 (2R,3S>-N-[N-[3-(L-Histidylamino)-2-hydroxy-5-methyIhexylI-L- ^ ^ 

leucyl-L-valine, methyl ester, hydrochloride (1 :3.1 ) 250 mg. 

Cornstarch 

Gelatin 20 mg. 

AviceKmicrocrystalline cellulose) 50 mg. 

15 Magnesium stearate ^ 

425 mg. 

are prepared from sufficient bulk quantities by mixing the (2R,3S)-N-[N-l3-(L-histidylamino)-2-hydroxy-5- 
methylhexyl]-L-leucylI-L-valine, methyl ester, hydrochloride (1 :3.1) and cornstarch with an aqueous 
solution of the gelatin. The mixture is dried and ground to a fine powder. The Avicel and then the 
20 magnesium stearate are admixed with granulation. This mixture is then compressed in a tablet press to 20 
form 1000 tablets each containing 250 mg. of active ingredient 

In a similar manner, tablets containing 250 mg. of the product of any of Examples 2 to 27 can be 

prepared. ^ . - . 

A similar procedure can be employed to form tablets containing 500 mg. of active ingredient 

EXAMPLE 29 

25 Two piece #1 gelatin capsules are filled with a mixture of the following ingredients: 25 

N-[N-[(3S)-3-[[N-[N[(l,1-Dimethylethoxy)carbonylI-L. 
phenylalanyl]-L-histidyl]aminol-2-hydroxy-5-methylhexyll-L- 
leucyl]-L-phenylalanine, methyl ester, acetic acid 500 mg. 

Salt (1:2) 500 mg. 

Magnesium stearate 7 mg 30 

Lactose 193 mg. 

700 mg. 



In a similar manner capsules containing 500 mg. of the product of any of Examples 1 to 8 and 10 to 27 
can be prepared. 
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EXAMPLE 30 

An injectable solution is prepared as follows: 

(2R,3S)-N-lN-[2-Hydroxy-5-methyl-3-[IN-{L-phenylalanyl)-L- 
histidyll-aminolbutyll-L-leucylJ-L-valine, methyl ester, 
trihydrochloride 

Methyl para ben 

Propyl paraben 

Sodium chloride 



1000 g. 
5 g. 
1 g. 
5 g. 



10 



15 



The active substance, preservatives, and sodium chloride are dissolved in 3 liters of water for injection 
and then the volume is brought up to 5 liters. The solution is filtered through a sterile filter and aseptically 1 0 
filled into pre-sterilized vials which are closed with presterilized rubber closures. Each vial contains 5 ml. of 
solution in a concentration of 200 mg. of active ingredient per ml. of solution for injection. 

In a similar manner, an injectable solution containing 200 mg. of active ingredient per ml of solution can 
be prepared for the product of any of Examples 1 to 7 and 9 to 27. 

EXAMPLE 31 1 5 

1000 tablets each containing thefollowing ingredients: 



20 



(2R.3S)-N-[N-[3-[[N-I(1,1-Dimethylethoxy)carbonyl]-L- 
histidylIamino]-2-hydroxy-5-methylhexyl]-L-leucyl]-L-valine, 
methyl ester, acetate salt (1:1) 

Avicel 

Hydrochlorothiazide 
Lactose 
Cornstarch 
Stearic Acid 



25 



30 



500 mg. 

300 mg. 20 

14.5 mg. 

113 mg. 

15.5 mg. 

7 mg. 

950 mg. 25 

are prepared from sufficient bulk quantities by slugging the (2R,3S)-N-[N-(3-[[N-Kl,1- 
dimethylethoxy)carbonyl]-L-histidyllaminol-2-hydroxy-5-methylhexyll-L-leucyl]-L-valine, methyl ester, 
acetate salt (1:1), Avicel and a portion of the stearic add. The slugs are ground and passed through a # 
screen, then mixed with the hydrochlorothiazide, lactose, cornstarch, and remainder of the stearic acid. The 30 
mixture is compressed into 950 mg. capsule shaped tablets in a tablet press. 

In a similar manner, tablets can be prepared containing 500 mg. of the product of any of Examples 1 
and 3 to 27. 



CLAIMS 

35 1. A compound of the formula 



35 



r 



h2 ^ 
I t 



R--C-NH-CH — A-CH,-N — CH — C-N — CH- C— R . 



including a pharmaceutically acceptable salt thereof wherein: 

OH 

A is — CH— or 



0 

II 

— C— 
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R^is-^ovwaHcyl,-^(CH,L-aryl,-OH,-0--(CH2L-hetero,or 

H 

I 

— N— Rs ; 

Rs is hydrogen, tower alkyl.— {CHjlm-aryl, or— {CHJ^-hetero; 
5 m is zero, one, two, three or four; 

Re is lower aIkyl-(CH2)„,-aryl,-{CH2)„-hetero, 

orRff— NH— CH— ; 

I 

Rt 

Rgis 0 

hydrogen, (H3C)^-c-0-C- , 



10 



O .0 
-0-C- , lower al3cyl-& 



o 0 
cycloalkyl-(CH2)n^-C- , axyl-(CH2)^-C- , 



O 0 
hetero-<CH2) -C- , aryl-0-CH2-C- , 



or 



R9 O 



I !i 

Rj^Q-NH— CH C- ; 



Rio is O 

hydrogen, (HgO^-C-O-C- , 



10 



15 



20 



O 



CH^-o-c- , lower alkyl-c-. 



o o 
fl t) 
cycloal3cyl-{CH2)jjj-C- , aryl-(CH2)pj-C- , 15 

\\ II 
hetero-(CH2)nj-c- , or aryl-O-CH^-C- ? 

R. R2, R3, R7 and R9 are independently selected from tiie group consisting of hydrogen, lower alkyl, halo 
substituted lower alkyi, — (CHa)^— aryl — (CHalnhetero, — (CHaln— OH, — {CHJ^— NH2, — (CHa)^— SH, 
— ICH2)„— S-lower alkyl. — <CH2)2— S— (CHala— NHa, 

^NH 

^ 20 

-<^2>n-NH-C 

^NH- 

O ^ 
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and— (CHJn— cycloalkyl; 
n is an integer from 1 to 4; 



or 



R, is hydrogen, lower alkyi, — (CHzIn — aryl,— (CH2)„— cycloalkyi. 



-C-0-CH2— or -C-O-lower alkyl; 

10 R,2 is hydrogen, lower alkyl,— (CH2)„—aryl, or— (CHJn— cycloalkyi; 10 
the term lower alkyl refers to straight or branched chain radicals having up to seven carbon atoms; 
the term cycloalkyi refers to saturated rings of 4 to 7 carbon atoms; 
the term halogen refers to CI, Br, and F; 

the term halo substituted lower alkyl refers to such lower alkyl groups in which one or more hydrogens 
1 5 have been replaced by CI, Br, or F groups; ^ u u i ^ ^ 

the term aryl refers to phenyl 1 -napthyl, 2-napthyl, mono substituted phenyl, 1-naphthyl, or 2-naphthyl 
wherein said substituent is lower alkyl of 1 to 4 carbons, lower alkylthio of 1 to 4 carbons, lower alkoxy of 1 
to 4 carbons, halogen, hydroxy, amino, —NH— alkyl wherein alkyl is of 1 to 4 carbons, or — NCalkyDa wherein 
alkyl is of 1 to 4 carbons, dl or tri substituted phenyl, 1-naphthyl or 2-naphthyl wherein said substituents are 
20 methyl, methoxy, methylthio, halogen, or hydroxy; and 20 
the term hetero refers to fully saturated or unsaturated monocyclic rings of 5 or 6 atoms containing one 
or two 0 and S atoms and/or one to four N atoms provided that the total number of hetero atoms in the ring 
is 4 or less and bycyclic rings wherein the five or six membered ring containing O, S and N atoms as defined 
above is fused to a benzene ring. 
25 2.AcompoundofClaim1 wherein: ^5 



3. A compound of Claim 1 wherein: 



Ais— C" 

OH 

I 

Ais— CH— . 

4. A compound of Claim 3 wherein: 
30 R^is 30 



hydrogen, -SO — 

or -S02H§)^CH3 ; 

Ra is Straight or branched chain lower alkyl of 1 to 4 carbons, benzyl, phenethyl, or 



-CHj 
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Ra is hydrogen, straight or branched chain lower al kyl of 1 to 4 carbons, benzyl or phenethyl; 
R,2 is hydrogen; 

R is straight or branched chain lower alkyi of 1 to 4 carbons, benzyl, or phenethyl; 

is— O— lower alkyl wherein lower alkyi Is straight or branched chain of 1 to 4 carbons; 

R7 

i 

5 Re is Rg— NH— CH— ; 



Rris 



or 



10 Rfl is hydrogen, 

0 

II 

{^3C)3C-0-C-. 

R. 0 

I II 
R,o— NH— CH— C ; 

R» is -HCHs^^r^ryl wherein aryl IS phenyl or 1-naphthyl and n is one or two; and 
Rio is 

15 I? 15 

(H3C)3C-0-C- 



or 



-0-C- 



R, is hydrogen; 
R^is— CH^-CH(CH,fe; 

20 Rgis— CHj— CH(CHa)2 0r— CWCHafe 20 



R is — CH(CH3)j or benzyl; 
R4 is— OCH3; 
Rft is 



and 



0 

25 RioisCHaOaC-O-C- . 25 
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6. A compound of Claim 5 wherein: 

Ris— CH(CH3)2; 

Rg Is— CHa— CH(CH3)2; and 

Re is 



2 I 



l1 

V 

5 7. Tlie compound of Claim 6, {2R^S)-N-[N-{3-iL-histidylamino)-2-hydroxy-5-methylhexyl]-L-leucyl)-L- 5 
valine, methyl ester, hydrochloride (1:3:1), 

8. The compound of Claim 6, (2S,3S)-N-[N-[3-(-histidylamino)-2-hydroxy-5-methylhexylJ-l-leucyll-L- 
valine, methyl ester, hydrochloride (1:3). 

9. A compound of Claim 5 wherein: 

10 Ris-CH(CH3)2; 10 
Rsis— CH2-CH(CH3)2; and 
Re is 

0 

ti 



NH 



10. The compound of Claim 9, (2R,3S)-N-[N-[3-([N-[(1,1-dimethyletho>cy)carbonylI-L-histidyl]-amino]-2- 

1 5 hydroxy-5-methylhexylI-L-leucyIl-L-valine, methyl ester, acetate salt (1 :1 ). 15 

1 1 . The compound of Claim 9, (2S,3S)-N-(N-[3-[[N-[(1 ,1 -dimethyl ethoxy)car bony l)-L-histidyl)-aminol-2- 
hydroxy-5-methylhexylI-L-leucyl]-L-vaIine, methyl ester. 

12. A compound of Claim 5 wherein: 
Ris— CHCTgla; 

20 R3 Is — CH2— CH(CH3)2; and 20 
Re is 

O 0 
II il 
(H3C )3C-0-C-CH-C-NH-CH' 

CH, 



6 b 



13. The compound of Claim 12, (2S,3S)-N-[N-l3-[[N-[N-|(l,1-dimethylethoxy)carbonyl]-L-phenylalanyl]- 
L-histidyl]aminoI-2-hydroxy-5-methylhexylI-L-leucylI-L-valine, methyl ester, monoacetate salt. 
25 14.ThecompoundofClajm12,{2R,3S)-N-[N-I3-([N-[N-[(1,1-dimethylethoxy)carbonyIl-L-phenylalanyll- 25 
L-histidylJamino-2-hydroxy-5-methyIhexylI-L-ieucylI-L-valine. methyl ester, monoacetate salt. 

1 5. A compound of Claim 5 wherein: 
Ris— CHICHajj; 
R3 is— CH3— CH(CH3)2; and 

30 Rgis 30 

H-N -CH — C- NH - CH- 
2 I I 

CHj 



4 
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16. The compound of Claim 15, (2S^S)-N-lN-[2-hydroxy-5-methyl-3-[[N-(L-phenylalanyt)-L- 
histidyllaminolbutylR-leucyll-L-valine, methyl ester, trihydrochloride. 

17. The compound of Claim 15, (2R,3S)-N-[N[2-hydroxy-5-methyI-3-[lN-(L-phenylaIany!)-L- 
histidyl]aminoIbutyl]-L-leucylI-L-leucyIl-L-valine, methyl ester trihydrochloride. 

1 8. A compound of Claim 5 wherin : 
RIs benzyl; 

Ra is— CH2— CHCCHak; and 
Rs is 



10 19. The compound of Claim 18, N-[N-[(3S)-3-[[N-[N-l{1,1-dimethyletho)cy|carbonyl]-L-phenyIalanyl]-L- 1 0 
histidyl]amino]-2-hydro)cy-5-methylhexyl]-L-Ieucyll-L-phenylalanyl, methyl ester, acetic acid salt {1 :2|. 

20. A composition for treating hypertension in a mammalian specie comprising pharmaceutically 
acceptable carrier and an anti-hypertensively effective amount of a compound of Claim 1 • 

21 . A method of treating hypertension in a mammalian specie which comprises administering an anti- 

1 5 hypertensively effective amount of the composition of Claim 20. * ^ 




CH2 CHj 





